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　　　　　2.3.2.(Q,て) ellipse　on ａ　section of　ellipsoid
　　　　　2.3.3.Calculation of　coefficients　of　ellipsoid
　　　　　2.3.4.Axial　ratio　and　direction　of　ground pattern



























































































































of　scintillation activity【Aarons, 1982]. Global　distribution　of
the　ionospheric　scintillation occurrence　１Ｓ　shown　In Figure　1.1.
１ｎwhich higher　activity　appears　In both　the　equatorial　and high-





























and　Atlantic　zones, the maximum occurrence appears　in winter　or
spring　(November-April)　１ｎ　the　northern　hemisphere　and　the
minimum　in　summer (May-　July) while, in　the Pacific　zone,　　the














latitudes　may be　an　extension of phenomena at　equatorial　and/or








out　In　the mid-latitude　regions [Slnno　and Kan, 1980].　At　higher
mid-latitude,　invasion　of　the　auroral　region　toward　the　mid-




















































［Whitney　and Basu, 19771. It　has　been　reported　that　during　severe
scintillation　the　satellite　operation of　GMS-2　(Geostationary
Meteorological　Satellite-2) using ａ　１．７　GHz　linkwas　considerably










satellite　links [e.g.. Fujita　et　ａ１・.19821. Measurement　of　the
７
spectral　　Index (n) of　scintillation　Intensity (工（ｆ））　indicates
that　for weak and moderate　scintillations　I(f)a： ｆ
－ｎ
(ｆ　Is　radio
frequency) where n=l-2, while ｎ～0 (strong scattering limit)　for












theory [Salpeter, 1967;　Cronyn, 1970],　The　advance　in　the　study
of wave　propagation　in　random media　has　helped　to　develop　ａ　more
refined　theory.　　For weak　scintillation, a weak　scatter　theory　１Ｓ
quite　　well　established　and　experimental　　verifications　　of
theoretical　predictions　have　been　demonstrated　in many　instances































































































electric　field　inside　the　irregularity　slab [Yeh and Liu, 1982].
∇２Ｅ十k2 {1十ei (r) } E= 0 ＯくＺ＜Ｌ (1.4)
where　Ｅ　is　ａ　component　of　the　electric　field　vector　and
ｋ２°ｋｏ２（ｓ）　（ｋｏ　is　ｔｈｅ‘｀゛avenumber　in　free　space). Equation　（１°４）
１ｓ　ａ partial　differential　equation with　random coefficient,　the
solution　of　which　will　form the　basis　of　the　scintillation
theory.　　Unfortunately,　１ｔ　　Is　impossible　to　get　the　general




E = u (r) exp (-jkz) (1.5)



















The　initial condition for (1.7) is　given by　the　solution　of (1.6)






1970] .　Scintillation power　spectra based on　this　　theory　is
described.　　Next, the weak　scintillation　theory using　the　Rytov
approximation　１Ｓ　outlined and　the　frequency　dependence　of　the
scintillation　strength　Is　presented［Wernlk and Liu, 1974;　Crane,





explanation　of　these　features will　be　given　in Chapter　４　by using
the　parabolic　equation method, in which　the　effects　of　multiple


















△n(r), make　ａ Fourier　transform pair
B (r) =//なD ( k ) exp ( j k r ) d ' k














In　some　applications, only one-dimensional wavenumber　spectrum　Is
considered. Then　its wavenumber　spectrum　１Ｓ　givenas















of k, k , is　regarded as　ｏ　and　then　two-dimensional　treatment　　Is
allowed.
　　　　　Suppose　that　the　two-dimensional　screen　Is moving　past　ａ
stationary observer with ａ　steady velocity ｖ　in　the　x-dlrectlon.
Then, the　resultant　temporal　spectrum of　the　radlowave　phase,
　△φｔ（μ). is　obtained by Integrating　△φ(k ,k )　over　ｋｙ　and
substituting　ａ　relation　between ｋｘ　and　ａ　temporal　Fourier
component (frequency)　″’　ｋχ゜２″ ″/V, as　follows：
　　　　　　　　　　　　　　　　２π△φt(v) = /"aφ（２πv/V, k｡) d ku
　　　　　　　　　　　　　　　　Ｖ
＝（２πΓ。λ）２ Ｌ／Ｖひ（２πv/V, ky, 0) d kv (1.13)
１７
If　the　　three-dimensional　wavenumber　spectrum,Φ(k).　obeys　an
ellipsoidal　power-law　spectrum with　index ｐ which　is　given as
<D (k) cc (1 +a k.2十βku2+r ｋｚ2）’゛2 (1. 14)
then.　the　one-dlmenslonal　spectrum becomes Ｕ（ｋχ,y.z)oc　ｋχｐ‾２
Substituting (1.14) into (1.13), it　is　easy　to　ｓｈｏｗ･







simple relationship between the phase spectrum △φ（ｋｘ’ｋｙ）ａｎｄ　the
intensity power　ｓｐｅｃｔｒｕｍＰ（ｋｘ’ｋｙ）　is　derivedund r　ａ weak-scatter
condition (△φく＜１）　as　［Salpeter, 1967],
P (kx, ky) =△φ(kx, ky) F (kx, ky) (1. 16)
where.　Ｆ（ｋｘ’ｋｙ）　１１１　called　theFresnel filtering factor　and　is
defined　as








Where　ｋｆ １ｓ　the　"Fresnel wave　number'≒　ｋｆ２’４π／λZ , Ki -　ｋｘ２　　゛
ｋｙ“’　　and　ｚ　Is　the　distance　to　the　screen. Ｆ（ｋｘ’ｋｙ）　behaves
differently　In two　wavenumber ranges.　For　kj.>k , I.e. .　the
irregularity ’scale　is　smaller　than　the　Fresnel　size,　the　phase
fluctuation　△φ(k ,k )　１ｓ　directly　transformed　Into　the　ａｍｐ:Lltude










　　　　　　　　　　　　　　　　　　CO＝（２πΓｅλ）２（Ｌ／Ｖ）∫△φ（ｋ。. ku) F (k。, ky) d ky　(1.18)
　　　　　　　　　　　　　　　　　４ｔ
Ａ　qualitative　explanation　of　this　temporal　spectrum　is　as
follows：　　１ｎ　the frequency　range　″＞ソｆ（゜Vk /2π) , the spectrum
Ｐｔ（ソ）　reflects　the　phase　fluctuation　spectrum △φｔ（ｋｘ’ｋｙ）’１°ｅ¨
the　ｗａvenumber　spectrum of　the　irregularities　Φ(k).　When　the
wavenumber　spectrum of　the　Irregularities　obeys　ａ power-law whose
index　is　p, the　index　of　the ｆｒequency　spectrum becomes　p-1.　１ｎ
the　　frequency　range　of　　ｐ＜μ,, however, the　frequency　spectrum
does　not　reflect　the wavenuraber　spectrum. The　steep　decrease　　in











deviation　of the wave. The　substitution　of　(1.19)　Into　(1.6)
makes
　　　-2 j k 十でΨ十（刄Ψ）２＝－ｋ２ε１（ｒ）　　　　　　　　　　　　(1.20)
　　　　　　　　∂Ｚ
On　・the　assumption of weak　scintillation for　which　the　higher









十で＼ = -k2e 1 (j:) (1.21)
The　Rytov　solution　may be　applied　even　to　moderately　strong
ionospheric　　scintillations［Crane, 1976] .　The　general　　solution












・exp {- j k ＼p -ρコ２／２（ｚ－ぐ’）｝ｄ２ρ (1.22)
where　　To (p) (=lnu(p, 0)) represents　the　incident　wave.　　The
field　， emerging from　the　bottomside　of　the　slab　１Ｓ　given　by　exp
　　［Ψ（ρ，Ｌ）］．　The　fieldpattern　on　the　ground　can be　obtained　by
solving　(1.7)　with　an　initial　condition, u{p ,L) =　　exp　【　Ψ（
ρ，Ｌ）］．　The　Rytov　solution　for (1.7) is
　　　　　　　　　　　　　　　　　Jk
Ψ（ρ, z) = ∫J｀Ψ（ρ■. L)
　２π（Ｚ－Ｌ）
・exp {- j k I p -ρ゜１２／２（ｚ－Ｌ）｝ｄ２ρ (1.23)









































function　oscillates with ｋふ・its　first　peak　is most　effective to
determine　＜Ｘ２＞　because　the　density fluctuation　spectrum　is,　In








Consequently, for　the　irregularity power　spectrum of
It　is　possible　to　showfrom (1.24) that
Ｓ４ cc　λ（２゛Ｐ）“１　cc ｆ -(2+p)^4
Φ(t. 0)～ｋ？，
(1.27)







1.4. RECENT OBSERVATIONAL RESULTS　OF ＭＩＤ－ＬＡＴ工TUDE　SCINTILLATION
　　　　　Inmid-latitudes, the　Ionospheric　scintillation activity has
been　known　to be　less　Intense　than　those　in　equatorial　and　high-















fluctuations　of Faraday　rotation was　found as　shown　in Figure　１．４
[Sinno　and Kan, 1978]. These　phenomena were　also　associated　with
spread-F.　Similar　fluctuations　were　also　observed　at　Areclbo
【Basu　　et　　al. ,　1981] .　　statistical　features　of　　the　　VHF































rotation (middle) and　ionospheric　f F　and　spread F (bottom), (a)
June,　1977, (b)　December,　1977 (after　Slnno　and　Kan,　1980) .
２５


























1986] .　　statistics　of nearly one-year　data (from April　1982　to
February　1983) reveal　that (1) geomagnetic　activity　dependence　of
the　scintillation　around　Japan has　properties　similar　to　those　of
the　equatorial　scintillation ；　１．e. , the　occurrence　tends　　to　be
suppressed　with　the　increase　in　geomagnetic　activity　in　summer
(the　　season of high　scintillation　activity), especially　in　the
premidnlght　hours,　and　(2) there　is　ａ　negative　correlation
between Ｋ　index and　the　scintillation occurrence　in　the　range　of　　　　　　　　　ｐ
Ｏ　< K < 4, while　the　correlation becomes　positive　in　the　range







































circle　and　solid line) of　the　scintillation aeainst　Kp　Index°（ａ）
Plots　are　made　for　each　season　only in the case of Ｓ４≧0.2.　（ｂ）
The　totaled　occurrence　number　and　the　averaged　rate　throughout
the　year　are　plotted.　　The　results　are　shown　in　the　two　cases　of
Ｓ４　≧０．２　and　Ｓ４≧0.4.　　Empty (shaded) portion of　the　histogram












peak)　at　１３６ MHz, 14　dB p-p　at　１．７　GHz,7　dB p-p　at　４　GHz,　and































































































Interplanetary　scintillations, moving pattern of　radlowave　field
is　measured　on　the　ground using at　least　three　spaced　antennas.















1968,　1977] .　Generalized arithmetical method was　described　by
Kent　and　Koster [1966］．　Recently, elaborated analyses　of velocity
fluctuation　or　velocity　gradient within　the　scatterer　have　been
made　to　clarify　the　physical　meaning of　random velocity　［Wright













Consider　ａ one-dimensional　pattern, i.e., a pattern　is　ａ　function
of　one　space　variable　ｘ and　time　ｔ．　Figure　２』．ａ　illustrates　ａ
random･function　R(x,t)　which moves with ａ velocity ｖ　along　ｘ















P (f, r。) =CONST.
P (f, r) =CONST.
0 f. f ξ
Fig.　2.1. (a)　Ａ　random one-dimensional　pattern,　moving　with








ａ　coordinates　system 0゛ｘｖｗｈｉｃｈmoves　with velocity ｖ　in　the　ｘ





　　　　　　　　　　　　　　　〈{R(xu, t) -〈Ｒ〉} {R (xu十fu, t+ r) -〈Ｒ〉｝〉
ρ(ru. t) =
〈{R (xu, t) -〈Ｒ〉｝２〉
(2.1)
　　　　　工ｔ　　is　assumed　that the　contours　of p(ξｖ’て）゜constant　in　the
(fo, t) plane　has　the　form of　similar　concentric　ellipses　as　shown
in Figure　2.1b [Briggs,　1968] .　This　assumption　seems　reasonable
because p (f u, t ) has　ａ maximum value (unity) at　the　origin　and
equi-value　contours　of　any　function　of　two　variables　take
elliptic　　forms within　relatively　small　area around　the　maximum.
Therefore,ρ(fu, t) must　be　ａ　function of　ａ　quantity of （ξｖ２／ｄ２



























　　　　　　　ρ（ﾐF　9て）゜f { (f - Vr　）２ ゛ｖｃ２て２｝　　　　　　　　　　　　　(2.5)
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　●Contours of constant　correlation P(f,T)=constant now　have　the
form　shown　in Figure　2.1c.　They　are　still　concentric　ellipses,
















separated by　ａ　fixed　distance ξＯ　being continuously　in　time.　The
other　　is　an　observation　of　the　whole　pattern　at　two　times
separated by ｒ


















Thus　the　．ｒａｔｉｏξＯ／１”does　not　give the　true velocity ｖ　of　the














This　can be　done　in various ways　which will　be　discussed
　　　　　The　other　type　of　observation　Is　to make　two　' snapshots゛at
times　separated by an　interval　r=x I.e. observations　continuous
in　space　and　separate　　in　time.　By　calculating　the　cross-
correlation　between　these　two　snapshots,　we　obtain　the　cross
section p(ξ’゛Ｏ）　of　the　function p (ξ・て）　(see　Figure　2.1c) .　　This
will　have　ａ peak value　for　some　space　shift　ｒ ・






























of　ａ pure　space　shift f .　工f we　find ａ　time ｌａｇてｓ which　gives
ρ(O.r )　゜　ρ（ξＯ’Ｏ）’　てｓ　gives the　effect　of　a pure　time　shift ．








apart.　　　His　displacement　f during this　time　period　should ｂｅ･so













































continuously　in　time,　while only at　ｏ　ａｎｄξＯ　in　space. We　　can
easily　derive ｖ゛and ｖｃ゛ from the　ｏｂｔａｉｎｅｄｐ（ξ，τ）．　　It　is　shown









have　the　same　effects　In changing　P Is ｖｃ° Therefore,　we　make







Fls.　　2.2. (a) Moving　irregularity　contours　in x-r　space. (b) In
the　　case　that　the　orlffin　of　the　ｘ　coordinate　is moved　along with















total　fading ｖ（ｙｔ　during ａ　certain　time　period　ｔ’ then








line ．AD　in Figure　2.2d with　time　elapses.　　　工ｔ　is　seen　that　the
highest　　correlation　is　obtained between　the　first　receiver　at　ｏ
and　the　second ｏｎｅ･when　the　second　receiver　is　at　M(t=r');　　Ｍ　is















Note　that　the　determination　of　で gives V゛immediately. ｖｃ゛　　１ｓ
also　obtained　from the　observation (see (2.12)).　Consequently, V















observation points　form ａ　triangle　AOB with　the　right　angle　AOB.
OA　and　０Ｂ　are　along　the　axes　Ox　and Oy, respectively.
　　　　　V V ' = V V '　　　　　　χχ　　　　y y
　　　　　ｔａｎφ　゜ｖｙ ／ｖｘ °ｖｘ’／ ｖｙ’
where　φ１ｓ　ａｎ、angle between ｖ and Ox
(2.24)
(2. 25)


























of　the　fluctuating pattern,　i.e., the　pattern of　the　ionospheric
Irregularities.　　Figure　２．３　shows　the　schematic　picture　of　the
４６
Fig. ２。３． Cross sections　of　correlation　ellipsoid　　with





ellipsoid.　Typical　correlograms which may be　obtained　from　the
three-spaced　observation are　shown　in Figure　2.4. Crossing points
between　all　correlation functions　and ａ horizontal　line.　which
represents　some　correlation　level, exist　on　the　same　ellipsoid.










level (P )゜　Points　Ｐ，　A, and Ａ゛In Figure　２．５　correspond　to　the
points　in　Figure　2.4:　　they　are　crossing　points　between　ａ







































































gCos X 3. sin“χ３

























h3 siny a －ｈ２ sinr 3
　sin (xz -xz )
hi sinz3 －h3 sinχ2
sin (jf 3 - x＼ )
ｈ２ C0SZ3 －ｈ３ cos;ir 2
　　ｓｉｎ（χ２－χ３）
５１
C = bi = b2=b3=bo
一
一
ｈ３ COSX 1　一hi cosy 3























The　　three　parameters　７，φ，　and the　size　of minor　radius b　are
values　necessary　to　describe　the　ellipse　unambiguously.
2.3.5. Derivation of ｖ and ｖ
　　　　　　　　　　　　　　　　　　　　　　　Ｃ
５２








　　　　　(hx + by + gて）＋斜(fx + gy + ct-) = 0
Therefore, the　following relations　must　be　filled






















a g -h f
-













ａ parabola, for which
　　　　　　　ab　＝　ｈ２　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　(2.39)
　　　　　　ｔａｎφ　=- (a/h) =　－（ｈ／ｂ）




In　the　case　of　ellipse,　the　lines with　slopes (h/a) and (b/h) do
not　well　coincide with　the minor　axis　but　lie　on　either　side　of
it.　The　components　of ｖ along　these　directions will　not　quite　be





















In　Figure　２．３　the　ratio (V/Vc) is　equal　to (O'R'/OR).　At　Ｒ’
or Ｒ
　　　　’ｙ／Ｘ＝（ｈｆ －　ag) / (gh －　ｂｆ）
Equation (2.27) may be　rewritten as
５４
(2.44)
ｘ（ａｘ＋ｈｙ＋ｆて）＋ｙ（ｂｙ＋ｈｘ＋ｇｒ）＋　r(fx + gy + cて）＝　１
Hence　at Ｒ゛
　　　　　　fx+ gy + ct = 1/T
Also　from　the　previous　equations (2.36) we　see　that












　(g h- b f ) 2十(h f - a g) 2
f g h-b f2 - a g2 十c (a b- h2)
On　the　other　hand　at　Ｒ
　　　　　‘ａｘ２　＋　２ｈｘｙ＋ｂｙ２　＝　１
Substitution of (2.44) gives
　　　　　　　　　　　　（ｇｈ－ｂｆ）２十(hf -a g) 2
Ｘ２＋ｙ２°
（ａｂ－ｈ２）（ａｇ２ -2 f gh十b f 2 )














































photograph　of　the　antenna. The　antenna　gain and beam width　are　１２
dB　and　３５°(HPBW),　respectively.　　Another　antenna　used　Is　ａ
helical　type　of which　the　gain　is　ａ　little　lower　than　the　former.













measurement. The wavefield　Intensity　and polarization　angle　were













geostationary　satellite ETS-2　and sub-ionospheric　point　Ｐｓ at
300-km　height　on　the　path.　　other　observation　stations　of which
data ｗ１:LI　be　cited　In　the　present　dissertationare　also　shown　in






Crossed-Yagi　ａｎｔむnnas were　located at　Ｓ（Ｓｏｕｔｈ）ａｎｄE (east), and
ａ　helical　antenna　at W (west).　The　separation　of　each pair　of
antennas　is　about　２００ ｍ．　The　polarization angle　was　measured　at
Ｓ；　　other　　two　（Ｅ　and　Ｗ）　were　only　for　wavefleld　strength






irregularities　on ａ plane　perpendicular　to　the　radio path　can　be
determined　from　time　lags　among　three　scintillation　records.
Therefore,　we　can　obtain　drift　velocity　in　the　Ｓ゛Ｅ゛Ｗ゛　plane


















































139° 29 ’E　　35° 42 ’N
130° 37 ’E　　31° 12 ’N
127°48 ’E　　26° 17 ’ N



























Fig.　　2.10.　Relative　antenna　locations (S,　E, and W) at　Hlraiso,
directions　of　radio path　from ETS-2,　and　geomagnetic　field　line
vector (Bq) .　　Angles　of　these　vectors　both　on　the ground　and　at












every　４　mln (actual　data　segment　１Ｓ　３．２ min) by　means　of　the
conventional　method.　These　sampling‘ time　and　data　segments　were
properly　Ｓｅ:Lected　in order　to hold　the　scintillation fluctuations
of　which　the　dominant　frequency　spectra　lie　between　０.０１　and
１　Ｈｚ。






























































































antenna　during ａ period from 0020　to　００５０　LTon　July　２２，　1982.
six　correlation　curves　are　drawn　in　the　lower　panel;　　they are
























































































































always　along the　direction perpendicular　to　the major　axis　of　the















magnitudes　of ｖａ and V are　ａ　little　smaller　than　that　of ｖ≒　　It
seems　proper　to　ｏｂｔａｌｎｖａ　or ＼　in place　of ｖ　in　the　analysis°












characteristic　random velocity　to drift　velocity, ｖｃ／Ｖ;　only　the
cases　of　0 < V /V <1.5　is　shown.　This　ratio　is　also　unstable　by
the　reason　similar　to　the　case　of ｖ．　It　is　seen　that　relatively
small　values　of V /V (less　than　0.5) are　obtained　during　the
period　of　stable　scintillations,　while　large　and　over-ranged




















































































(Nos.　　4 and　6) are　shown, and　then　some　statistical　features　are
given.
７６
Table 3.1. A list of periods of seven scintillation events

















2000 － 27 June
2110 －　6 July
2040 －　7 July
1840 － 22 July






























　-　一本　Ｋ　and　Ｓ４ are the averaged geomagnetic
　obtained at Kakioka and the averaged　S 4
















at　Kokubunj i　is　ａ:Lso　shown by ａ horizontal　bar.　　　工ｔ　should　be
noted　that　Kokubunj i　　is　about　２００　km north　of　the　presumed





seems　to　be　saturated　around S ~1°　The　saturation may　be　an
Indication　that　the multiple　scattering plays　an　important　role




































content (TEC) along the　radio　path, 136 MHz　scintillation　record,
ｈ’Ｆ　　obtained　from Kokubunjl　Ionograms,　drift　velocity　vector
(every　８ min) ,　irregularity pattern　ellipse (every　１６　rain),　and







surely　observed　in　the　area　south of　Kokubunj １，ｅ．ｇ･, at Yamagawa
during 1930-0545　LT and Okinawa　during 2000-2245　LT and　0015-0345
ＬＴ゛　strong　sporadlc-E　（ｆｏＥＳ）１２　MHz) was　also　seen　on　the






1978］and　over Arecibo［Kersley,　et　al. .　1980] .　　Especially, a
sharp　depression　of TEC appearing around　００１５　LT　seems　to　mark
































velocity may partly　reflect　ａ vertical　movement　of　the　Ionosphere
[Basu　et　al., 19811.
Characteristic velocity ｖｃ, which　represents　ａ　random motion
８１
or　ａ　random　change　of　the　irregularities,　was　also　calculated　in
the　analysis.　　The　mean value of ＶＣ／ＶＷａＳ　0.34　during　thewhole
scintillation　event　In Figure　3.1.
(c) Irregularity　characteristics






















































































































































reversal　at　００３６　LT on July　22 (Figure　3.1).　From Figure　３．１　and
3.3,　it　can　be　pointed　out　that　the　northward　drifts　are

























on　July　21-22,　and　2324,　0116,　and　０３０８　LT on July　5-6, 1982).
There　occasionally happened　abrupt　reversals　of　the　drifts (0036
LT　on July　２２　and ０２００LT on July　6) In　the midst　of　the　strong
scintillations. Salient　features　of　these　abrupt　reversals　are　as






Ｅ　antenna　signals　during 0140-0220　LT on　July　6, 1982 (see　Figure








LT on July　22 (not　shown)。
　　　　　As　has　been pointed　out　above, the　rapid　reversal　０ｆ　・ the
drift　direction　from northward (upward) to　southward　(downward)
is　accompanied by ａ　rapid　increase　in TEC. This　association　seems
to be　similar　to　the midnight　collapse　over　Arecibo　described　by
Basu　et　　ａ１．［1981] .　We　have　also　noted　that　the　northward
(upward) drifts　are　associated with　the　depletion of TEC. Basu　et
ａ１．［1981] interpreted　that　the　variation　in TEC　in　the　midnight

































region　does　upward.　Ａ mechanism for　driving　these movements　may









appear　for　the　upward (northward　in our　case) motion,　which　can
be　related･to　the　eastward　electric　field.　　However,　　the
irregularities　(scintillations)　appear　during for　the　downward
(southward) motion　corresponding to　the westward　electric　field.


























































premidnlght　hours　(Figure　3.6a) and postmidnight hours　(Figure











































0.2) ,　and　the　mean value (full　circle) and　standard　deviation
(vertical　bar) of　each　data　set　are　shown.　　At　the　top　of　Figure










decorrelation　effect　resulting from　the multiple　scattering which





　　　　　Figure　3.7c　sho■ｗｓthe Ｓ４　dependence of　the　drift velocity・
Although　the　standard　deviation　１Ｓ　large,　ａ　tendency　of　velocity





























































Fig.　　3.7.　　Dependences　of (a) axial　ratio, (b) minor　radius, and
（ｃ）　drift　velocity　on Ｓ４Index.　　Data are　classified　into　six






















3.3. RESULTS　UNDER GEOMAGNETICALLY Ｄ:I:STURBED　CONDITION




















lasting　scintillations　but were　produced by ａ　sporadic-E　layer.
Sclntll:Lations　produced　by　sporadic-E　are　often　observed　in
summer　daytime　almost　regard:Less　of　geomagnetic　activity　［Sinno


























　　　　　The　morphology of VHF　scintillations　observed　In Japan　was
Investigated by　Slnno　and Ｋａｎ［1980] ,　who　pointed　out　that　usual
nighttime　scintillations　start　around　２０　ｈ　in　the　evening and　end
around　５　ｈ　in　the morning.　　However, the　scintillations　In Figure




















the　event　shown　In Figure　3.8, no　scintillations were　observed　at
１００











velocity　can　give　roughly　the motion of　the　irregularities. It　is
noted　that　the　difference　between　apparent　and　real　drift
velocities　arises　from　the　magnitude　of　characteristic　　random








the　first　period and about　２００m/s　in　the　second period.
１０１
　　　　　Drift　directions　obtained　during　geomagnetlcally　　quiet
nighttime　were　often along the　southwest　and northeast　direction
(see　Figure　3.5) .　which　is　siml:Lar　to　the　results　in Figure　3.8.
Abrupt　reversals　of　drift　directions were　also　observed　in　quiet























spectra　at　0500　(a) and 0852 ＬＴ（ｂ）　on　July　１４．　　They　were
obtained　by　the　FFT (Fast　Fourier　Transform) analysis　of　the　data











































































Fig.　3.9.　Scintillation power　spectra observed on July　14. 1982.

























smaller　than　that　between　Hiraiso and Yamagawa (1020　km) .　　That











clear　time　lags　among them,　corresponding points　on wave　forms













































scintillations　at　１３６ MHz were　observed　during June-July,　1982.
By means　of　correlation　analysis, characteristics　of　ionospheric





























































equatorial　latitude　in association with plasma bubbles［Basu and
Basu,　1981;　　Basu　et　al. ,　1983] ,　and　sometimes　in mldlatitudes
【Ｏｃａｗａ　et　al.,　1980] .　　１ｎboth　cases,　１ｔ　is　observed　that　very























Irregularities［Yeh　et　al., 1975;　Liu and Yeh, 1975;　Yeh　and Liu.

























































and　the　anisotropy axis (direction　of　elongation) seems　to　be　　ａ
more　　Important　factor　to　control　the　diffraction　effects [Briggs


















index　ｑ was　3.1 (q=p-l) with　the　standard　deviation　of　０．８。
　　　　　For　ａ　spectral　index　of　４，　the　correlation　function Ｂ（ρ　，ｚ）




√k 0 r i Ｋｌｚ２（ｋｏｒｉ）
・ＫＩ，２（ｋｏ　ｐ２十ｚ２／７２十ｒ i2 ） (4.3)
where　　ｐ　is　the　transverse　coordinate, ｒｉ　the　inner　　scale, ｋｏ
















in　the　wave　propagation in　random media［Liu　et　al. ,　1974:　　Yeh
and Liu, 1982］：
（１）〈Ｓ １２＞ｋ９＜＜１ (11)〈ｓ １２＞ｋｚ〈〈　１〈〈k2, (iii) z≫2
where　＜ｓｌ１２＞　Is　themean　square　value　of　fluctuating part　of　the

























－ｇ（ξ，η）｝Γ４（α，β, z) =0 (4.5)
where　the　coordinates　are　normalized　to non-dimensional　values
and
ξ＝α／ｒ ｏ，　η＝β／ｒ ｏ，　ζ= z/k ro^





















r4 (r,　７７ ， ０）＝１





→ａ），η. r) =exp {g (f→Ｑ），η）ζ｝
























ξ，η　　=oo. On　the　other hand,　the mesh　size must be　small　enough
to maintain　accuracy of　the　difference　computation.　By making　ａ
compromise　between　these　requirements　and　the　computer　resources







Fresnel　zone　is　given by　ｄＦ　°　匹　’ where　λ　is　the wave
length　and　Ｌ　Is　the　thickness　of　irregularity　slab [Yeh　and　Liu,







［Booker　et al. ,　　1985］‘　　Inview of　the　foregoing, o　is　taken　to
be　３０００　ｍ．工ｔ　is　ascertainedbeforehand　that　for　this　value　ｏｆｒｏ
the　fluctuations　with　the　Fresnel　scale　can be　taken up　properly
up　to　the　propagation　distance　of, at　least, 600　km. The　validity
test　of　ｒｏｗ１１１　be　shown　later.　In　the present　computation, the









































































evolution of　the　scintillation　index S ,　which　increases　with　the
path　length.　Several　values　of　density　fluctuation　are　assumed
through　the　range　from Ｃ＝１００　to　３００００，　which　correspond　to　the




























Fig.　4.2.　　Evolution　of S4　index with path　length　in　the







3000　m．　with　increasing path　length,　the　width of Ｃｌ　becomes
larger　and　Ｃ工 oscillates　resulting　In　the　appearance　of　the





































































4.3. C°10000, corresponding to <(△ｎ／ｎｏ）２）１／２゛９°５％゜　Ｃ:Ｅ　is　shown
for　the　same　four　path　lengths　as　in Figure　4.3. The　evolution　of
Ｓ４　with　increasing path　length has　been　already　shown　in　Figure
4.2, in which　Ｓ４ reaches　０．９　and　is　almost　in　saturation　:Level　at






　　　　　Variation　in　Ｃｌ　at　５００　km path length　is　shown　In Figure　４．６
for　　various　values　of　Ｃ．　　The　Ｓ４　index　for　each　case　　Is　also
indicated　in　the　Figure.　　It　Is　clearly　shown　that　the　transverse








































































drawn,　for　each of which　the　density　fluctuation Ｃ　is　０．１　times





the mean square value of total phase fluctuation ＜△φ２＞ｗｈｉｃｈthe








































the　Fresnel　zone, ｄＦ√聶四万is valid　In　the　case where　the
irregularity　slab　Is　rather　thick.　　Therefore, It　is　possible　to

















































Ｓ４　　inthe weak　scintillation　range (S <0.4).　while　　It　steeply



































processing　(3.2 mln) .　Therefore, actual　value　ｏｆｄｃ　may　have　not
































relation　between the density fluctuation ＜（△n/n　）２＞１／２　and　the
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　○　　　　　　　　　　、






















ratio, is　assumed　to be　24, which　１Ｓ　the　mean value　observed (see
3.2) .　Ａ　density　fluctuation　over　１０　％　１Ｓ　necessary　for　　the
scintillation　to　reach　the　saturation　level　In　the　thin　and
isotropic　case.　工ｎ　the　thick and anlsotroplc　case, the magnitude
of　　density　fluctuation necessary　for　saturation　decreases　over
one　order　relative　to　that　In　the　former　case. The　observed　axial
























































the　scintillation　spectral　Index ｎ　Is　１．５when p =4.　　Figure　4.12
shows　the　spectral index ｎ　obtained　from　the　difference　of Ｓ４
Indices　between　two　frequencies　in Figure　４』．１；　　two　curves　of　ｎ
represent　　the　S ratios　between ４００　and　１３６MHz, and　between
１．５　GHz　and　４００MHz, respectively.　The　abscissa　is　the Ｓ４　index
at　４００MHz.　　The　spectral　Index ｎ　of　two　curves　approach　１．５　at
the　limit　of　the weak　scintillation (S =0).　　１ｎ　accordance　with
the　above　theory.　　However, ｎ　decreases with Increasing　Ｓ４ at
４００MHz.　This　means　the　breakdown　of　the　weak　scintillation
theory,　i.e. ,　the multiple　scattering becomes　effective.　　The
breakdown　appears　sooner　and more　significantly　at　the　lower
frequencies (400/136 MHz) than　at　the　higher　ｏｎｅｓ（1500／４００　MHz) .






















































　　　　　１ｎ　chapter　2,(1) the method　of　the　correlation analysis　in
the　　case　of　two-dimensional　anlsotropic　　irregularities　　was
introduced.　　The　form　of　the　Irregularities　as　well as　the












radio　path (the　observation plane) were　almost　always　along　east-
west　direction.　　Mean northward　and　southward velocities　　were






were　２４　and　１８０ｍ，respectively.　　(6) With　increasing S ,　axial
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１５６
APPENDIX Ａ.　DERIVATION　OF ＥＱＵΛTIONS (2.29) AND (2.30)
　　　　　The　general　equation　of　an　ellipsoid　centered　on　the　origin
１Ｓ　givenby (2.27)　as







Substituting (A.2) into (A.I) we　have
　　　　９２（ａ　ｃｏｓ２χ ＋　２ｈ　COS X　ｓｉｎχ　＋ｂ　sin X )

























゜fcos X 1　＋　gsln X 1












The　elements　of Ａ are　shown　in (2.28).　(2.30)　can　be　derived
from (A.6).
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APPENDIX Ｂ．　SOLUTION OF EQUATION (4.5)
　　　　Ａ　method　to　solve　the　equation (4.5) Is　described　following
Liu　et　ａ１．　［1974] .　The　subscript　４　attached　to　ｒ ４１ｓ　omitted









ξ＝１△ξ，　η＝ｋ△η，　ｒ＝ｎ△ζ，　and ｇ（１△ξ，ｋ△η) = a ik
Using　ａ　trapezoidal　rule　In　the　Integration　over　ζ≒　　the　second
term　（゜ｌｎ）　１ｎ　the　right　hand of (B.I) at　(i.J.k) is　expressed





























l ｎ-1 ＝－j exp［a (n- 1)△ぐ］
　　　　　・［4･△ζ（ｈ。-1十ｈ。-2）十を△ぐ（h。-2十ｈ。-3）
　　　　　　　　　　十・・・・・・・＋1△ぐ（ｈ２十hl）］
Combination of (B.2) with (B.4) makes









= exp (a△r) (r。-I-j i:△ぐ
［r i ! ,k*l , n― r i-1 ,k*I. n一
ｒ





ｊμri*i。ｃ．１，ｎ－ｊμr i-4-1,k-l ,n十ｒ i , k, n― jμΓi-1 .k*l,n十ｊμr l-t.k-1,n
　= exp (- a ik△ζ）［ｊμr !! ,k +l,n-1 ―ｊ μr i +1 .k-1 .n-1― r i .k.n-1
where
jμr i-l,k*l.n-l十jμr i-l ,k-l.n-l］
μ゛△ぐ／８△ξ△,７
Here, the　initial　condition　is
　　　ｒ｛ｆ， 　７}, 0) = 1
The　boundary　conditions　are
　　　ｒ（ξ→～． 　ｎ．Ｃ) =exp［ｇ（ξ→ａ=･，η）ζ］





considered.　The　integration of (4.5) over　ζ　gives







ｊμr i ) ,lt*l,n一 ｊ μr i!,k-i ,n十Γｉ．。.≪-jμΓｉ。1 ,k*l . n十jμΓi。1 ■k-1 ■n
１６１
一一











　　　　　　　　　　　r2.k･ｎ　・・・・・　ri.l.n　・・・・・　r i ,k.n］　　　　　　(B. U)
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The　dimensions　of　ａ ･ b , c　and hence　Ａ　depend on both mesh　sizes
and　boundary　limits　along　ξ　and　η　directions.　　In　the　present
computation,　for　　ξ　and　η　ｅχtendlnff　ｔｏ±2.４　and mesh　sizes　of
△ξ＝　△η　= 0.025,　a , b. and　ｃ　become　１９１　χ　１９１ matrices.　　Ｄ
in　(B.15) Is　ａ vector　that　Includes　both　the　solution　of　　ｒ　at




APPENDIX　Ｃ DＥＲ工VATION　OF EQUATIONS　(4.12)　AND (4.13)
　　　　u(P ,z)　　is　ａ　random　complex　amplitude　of　　the　　wave
propagating　in　ｚ　direction.　P is　relative　transverse　coordinate














where　we　use u( 0 ) In place　of ｕ（　0.f ).　In the present　study.
only　the　　case　ｏｆ＜ｕ（ρ）ｕ゛（ρ）＞＝１　is　taken　into consideration,
namely,　ｕ　Is　the　normalized amplitude.　　Comparison between (4.4)
and　(C.2)　makes Pi=ρ２＝Ｐ３＝ｐ　4＝０，　which　is　reduced　to　　α＝β゜Ｏ・
Then, the　following equation　is　derived
S42=r4 (0, 0, r) -1
　　　　　Next,　the　cross-correlation　functionbetween　two　points










ci = {r4 (0． 　5， 　ｔ）－１｝／Ｓ４２
１６５
(4.13)
